Objectives. To investigate longitudinal changes in behavior and quality-of-life (QoL) in children with sleep disordered breathing (SDB) after adenotonsillectomy (AT).
INTRODUCTION
Sleep disordered breathing (SDB) is common in children, affecting approximately 11%-40% of the pediatric population [1] . Pediatric SDB has a unique and significant impact on daytime functioning and development not seen in adult SDB, including learning difficulty, growth retardation, hyperactivity and inattention, and poor emotional regulation [2] .
It has been suggested that proper treatment of SDB may improve attention deficit hyperactivity disorder (ADHD) in a subset of children [3] . Considering that adenotonsillectomy (AT) is the most effective treatment modality that leads to significant improvements in pediatric SDB [4] . AT may be able to relieve SBD-related behavioral problems. Indeed, previous studies have demonstrated that AT results in marked improvement in scales regarding neurocognitive problems or inattention, hyperactivity, and ADHD [5] . Also, alternative scales, such as quality-of-life (QoL) measures, have indicated that AT results in marked improvement in those clinically diagnosed as having SDB [1] .
Although these previous works have elucidated the effectiveness of AT in treating pediatric SDB patients with behavioral problems or with decrement in SBD-related QoL, only a few studies have investigated postoperative improvements at both short-and long-term follow-up periods [6, 7] . Also, only a few studies have evaluated other combined factors, such as allergic rhinitis [8] , that may contribute to residual symptoms and signs of SDB after AT. Additionally, no study, to our knowledge, has studied and reported on all of these variables in the same cohort of patients.
Hence, the purpose of the current study was 2 folds. First, by means of serial (preoperative 1 day, postoperative 1 month, and postoperative 6 months) questionnaires on ADHD and sleep disorder-specific QoL, we sought to reveal longitudinal changes in behavior and QoL in a prospective pediatric cohort with SDB after AT. Second, by subdividing the cohort according to sex, age group, allergic trait, and concurrent coblation-assisted turbinoplasty (CAT), we investigated possible factors that may affect the surgical outcome regarding changes in behavior and QoL.
MATERIALS AND METHODS

Patients
The subjects who were clinically diagnosed as having SDB and were planned for AT at Seoul National University Hospital from January 2011 to June 2014 were recruited prospectively. The mean age of the subjects was 7.3±2.6 years old (range, 3-13 years). This study was reviewed and approved by the Institutional Review Board of the Clinical Research Institute at Seoul National University Hospital and the procedures followed were in accordance with the Helsinki Declaration of 1975. Caregivers of a total of 148 subjects were requested to complete questionnaires at preoperative 1 day, postoperative 1 month, and postoperative 6 months. Of 148 patients who completed preoperative 1 day and postoperative 1 month questionnaires, 72 patients completed follow-up questionnaires at postoperative 6 months. Syndromic children with craniofacial anomaly were excluded from the study. The subjects' allergic trait was assessed by skinprick test or serum multiple allergen simultaneous test, and patients who displayed positive results on these tests with allergic symptoms were regarded to have allergic trait. Concurrent CAT was performed together with AT if the patient showed signs of inferior turbinate hypertrophy with or without allergic trait.
Questionnaires
Korean ADHD rating scale (K-ARS) and Korean version of the obstructive sleep apnea-18 (KOSA-18) were used for this study. The K-ARS is a validated Korean-translated version [9] of the ADHD rating scale-IV [10] . This scale consists of 18 items with 2 subscales (9 for inattention domain and 9 for hyperactivityimpulsivity domain, each of which is scored independently) originating from Diagnostic and Statistical Manual of Mental Disorders -4th Edition (DSM-IV) ADHD diagnostic criteria, as its original version. Based on previous literature, subjects with a K-ARS score less than 18 were regarded as "non-ADHD," between 19 and 28 as "ADHD trait," and more than 28 as "overt ADHD" [11] .
Meanwhile, the KOSA-18, a Korean version [12] of obstructive sleep apnea-18 scores [13] , is an index to evaluate the QoL impact with regard to physical and emotional problems for obstructive sleep apnea syndrome (OSAS) in chidren. KOSA-18 scores less than 60 suggest a small impact, scores between 60 and 80 a moderate impact, and scores above 80 a large impact on the QoL [14] .
Statistical analyses
Longitudinal changes in K-ARS and KOSA-18 scores of the subjects were evaluated by the paired t-test/Wilcoxon signed rank test, while comparisons between follow-up completed subjects and follow-up lost subjects at a certain time point were performed by the independent t-test. Group comparisons with regard to the longitudinal changes in K-ARS and KOSA-18 scores at each time point were performed by the repeated measures analysis of variance (RM-ANOVA)/Kruskal-Wallis test. Statistical analyses were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). The criterion for statistical significance was set at P<0.05.
RESULTS
Longitudinal changes in K-ARS and KOSA-18 scores
The mean preoperative K-ARS score of the 148 patients surveyed at preoperative 1 day was 12.5±9.7, which improved to 7.0±6.4 at postoperative 1 month (P<0.01, paired t-test). The mean K-ARS score of the 72 patients who completed the 6-month follow-up was 8.4±7.7, which was still significantly lower than the preoperative mean score (P<0.01, paired t-test). The mean K-ARS scores of the 72 patients at postoperative 1 month (6.2±5.4) was not significantly different from that at 6 months (P =0.13, paired t-test), and the mean K-ARS score of the 76 follow-up lost patients at 1 month (6.6±6.3) was not different from that of the 72 follow-up completed patients (P = 0.46, independent t-test). When divided into subscales, the mean preoperative attention deficit domain and hyperactivity-impulsivity domain scores (6.2±5.3 and 6.2±5.1, respectively) de-creased significantly at postoperative 1 month (3.1±3.2 and 3.9±3.6, respectively) and at 6 months (4.1±3.8 and 4.7±4.7, respectively) (all P<0.01, paired t-test).
Meanwhile, the mean KOSA-18 scores at postoperative 1 month (32.2±10.4) and at 6 months (32.5±11.6) were significantly lower than the preoperative 1 day score (68.5±19.9) (both P<0.01, paired t-test), but the means of the 72 follow-up completed patients at postoperative 1 month and 6 months were not significantly different (31.9±8.3 and 32.5±11.6, P=0.68 by the paired t-test). The mean KOSA-18 score of the 76 follow-up lost patients at 1 month (32.4±12.1) was not different from that of the 72 follow-up completed patients (P = 0.76, independent t-test).
Comparison of longitudinal changes in K-ARS scores among the overt ADHD, ADHD-trait, and non-ADHD groups
Based on preoperative K-ARS scores, 13 subjects were classified as overt ADHD, 23 as ADHD-trait, and 112 as non-ADHD. At postoperative 1 month, in contrast, only 1 subject remained as overt ADHD and 8 as ADHD-trait while the other 139 were classified as non-ADHD. The mean preoperative K-ARS scores of the non-ADHD, ADHD-trait, and overt ADHD groups (mean±standard error [SE]; 8.0±5.6, 22.2±2.7, and 33.4±9.7, respectively) decreased significantly both at postoperative 1 month (5.1±4.8, 13.04±7.4, and 12.38±8.0, respectively) and 6 months (6.1±5.8, 12.0±7.9, and 20.1±7.9, respectively) (all P<0.001, paired t-test for the overt ADHD group; P=0.002 and P=0.002, Wilcoxon signed rank test for the ADHD-trait group; P=0.018 and P=0.018, Wilcoxon signed rank test for the overt ADHD group) (Fig. 1A) . Of note, 11 of 13 overt ADHD subjects and 18 of 23 ADHD-trait subjects became no-ADHD at postoperative 1 month. Also, the mean K-ARS scores of the overt ADHD and ADHD-trait groups decreased to the level of "non-ADHD" (<19). However, the overt ADHD group and the AD-HD-trait group showed significantly higher mean K-ARS scores than the non-ADHD group at postoperative 1 month (P<0.01, Kruskal-Wallis test). Additionally, the overt ADHD group displayed significantly increased mean K-ARS score at postoperative 6 months as compared with that at postoperative 1 month (P=0.028, Wilcoxon signed rank test).
Comparison of longitudinal changes in KOSA-18 scores among the small, moderate, and large impact groups Based on preoperative KOSA-18 scores, 55 subjects were allocated to the small impact group, 55 to the moderate impact group, and 38 to the large impact group. The mean preoperative KOSA-18 scores of the small, moderate, and large impact groups (mean±SE; 48.0±7.3, 70.6±5.3, and 95.3±9.6, respectively) were significantly improved both at postoperative 1 month (30.3±8.0, 32.3±10.0, and 34.8±13.4, respectively) and 6 months (30.6±10.2, 32.3±11.8, and 38.8±13.8, respectively) (all P<0.01, paired t-test for the small and moderate impact groups and Wilcoxon signed rank test for the large impact group) (Fig. 1B) . In particular, all but 1 patient who were in either the moderate impact group or the large impact group were reallocated to the small impact group at postoperative 1 month. Also, an ANOVA at postoperative 1 month revealed no statistically significant differences among the 3 groups (P=0.130).
Comparison of longitudinal changes in K-ARS and KOSA-18 scores according to sex
As illustrated in Fig. 2A , the mean preoperative K-ARS scores of male and female patients (mean±SE; 13.7±9.6 and 10.6±9.6, respectively) improved significantly both at postoperative 1 month (7.8±6.5 and 5.8±6.2, respectively) and 6 months (9.5±7.9 and 6.6±7.1, respectively) (all P<0.01, paired t-test) ( Fig. 2A) . However, the interaction effect (K-ARS score×sex) measured by RM-ANOVA revealed no significant result (F= K-ARS score KOSA-18 score (Fig. 2B) . In short, both the male and female groups showed significant improvement at all time points as compared with preoperative questionnaire scores, but there were no differences between the 2 groups.
Comparison of longitudinal changes in K-ARS and KOSA-18 scores according to age group
To evaluate possible differences according to age group, the patients were subdivided into 3 age groups: group 1, <7 years; group 2, ≥7, <10 years; and group 3, ≥10 years. The age group division was based on school age (preschool age, the lower and upper grade elementary school age). As demonstrated in Fig. 3 . Longitudinal changes in Korean attention deficit hyperactivity disorder rating scale (K-ARS; A) and Korean version of the obstructive sleep apnea-18 (KOSA-18; B) scores in different age groups: group 1, age<7 years; group 2, ≥7, <10 years; and group 3, age≥10 years. *P <0.05, statistically significant differences among groups. 6.9±7.1, and 9.3±7.0, respectively) (all P<0.01, paired t-test) (Fig. 3A) . However, the interaction effect (K-ARS score × age group) measured by RM-ANOVA displayed no significant differences among the 3 groups (F=2.20, P =0.74). (Fig. 3B) . In summary, all 3 age groups showed uniformly significant improvement at all time points as compared with preoperative questionnaire scores, but there were no differences among the 3 groups.
Comparison of longitudinal changes in K-ARS and KOSA-18 scores according to allergic trait
The mean preoperative K-ARS scores of the allergic trait group and the no allergic trait group (mean±SD; 12.2±9.4 and 12.7±10.0, respectively) improved significantly both at postoperative 1 month (5.9±5.6 and 7.5±6.9, respectively) and 6 months (7.1±7.8 and 9.3±7.7, respectively) (all P<0.01, paired t-test). Also, the mean preoperative KOSA-18 scores of the 2 groups (mean±SD; 69.3±19.5 and 68.4±20.8, respectively) decreased significantly both at postoperative 1 month (32.7± 10.7 and 32.1±10.4, respectively) and at postoperative 6 months (32.4±13.9 and 33.1±10.0, respectively) (all P<0.01, paired t-test). However, RM-ANOVAs for the interaction effects (K-ARS × group and KOSA-18 score × group) showed no significant difference between the 2 groups (F=0.26, P=0.77 and F=2.24, P =0.11). In short, the patients demonstrated consistently significant improvement in behavior and QoL as compared with preoperative status regardless of allergic trait, but there were no significant differences between the allergic trait group and the no allergic trait group.
Comparison of longitudinal changes in K-ARS and KOSA-18 scores between the AT alone group and the AT with CAT group
The mean preoperative K-ARS scores of the AT alone group and the AT with CAT group (mean±SD; 11.8±9.3 and 13.8±10.4, respectively) decreased significantly both at postoperative 1 month (6.7±5.9 and 7.6±7.4, respectively) and 6 months (7.8±7.3 and 10.2±8.6, respectively) (all P<0.01, paired-t test). Also, the mean preoperative KOSA-18 scores of the AT alone group and the AT with CAT group (mean±SD; 66.8±20.1 and 72.0±19.3, respectively) improved significantly at postoperative 1 month (31.3±8.1 and 33.9±13.8, respectively) and were sustained at postoperative 6 months (32.7±11.0 and 31.7±13.5, respectively) (all P<0.01, paired t-test). However, RM-ANOVAs for the interaction effects (K-ARS X group and KOSA-18 score X group) showed no significant differences between the 2 groups (F=0.62, P=0.54 and F=0.64, P=0.53). In summary, both the AT alone group and the AT with CAT group showed consistently significant improvement in behavior and QoL as compared with preoperative status, but there were no differences between these 2 groups.
DISCUSSION
We investigated longitudinal changes in behavior and QoL after AT in our prospective pediatric cohort by means of serial preand postoperative questionnaires. Also, we subdivided the cohort using various factors that may affect the prognosis and sought to determine factors that are important. We found that K-ARS and KOSA-18 scores plummet immediately after AT and these improvements are sustained up to 6 months. When subdivided by preoperative K-ARS scores, the overt ADHD and ADHD trait groups showed stark improvement at postoperative 1 month but their mean K-ARS scores were still higher than that of the non-ADHD group, whereas the subgroups divided by preoperative KOSA-18 scores showed no differences in the mean KOSA-18 scores at postoperative 1 month. Notably, the changes in behavior and QoL showed no significant differences according to sex, age group, allergic trait, or concurrent CAT.
Immediate and sustained improvement in behavior and QoL
Some researchers have evaluated post-AT children at relatively early time points. For instance, De Serres et al. [1] have reported a postoperative QoL survey study with a mean follow-up duration of 35.7 days. Other groups have demonstrated significant improvement in behavioral and emotional difficulties as well as in QoL at 2 to 4.4 months after surgery [15] . By contrast, some researchers have reported relatively long-term follow-up results. For example, Li et al. [16] have demonstrated improvements in behavior 6 months after AT. In another study, improvements in neurocognitive function 6 to 10 months after AT was shown [17] . Other groups have reported significant improvement in neurobehavioral morbidity 1 year after surgery [18] . In the current study, K-ARS and K-OSA scores were much improved at postoperative 1 month and sustained up to 6 months after surgery. However, of 148 patients, only 11 completed follow-up questionnaires at postoperative 1 year and thus postoperative 6 months was chosen as the endpoint of the current study. The low follow-up rate at postoperative 1 year limited the current study and therefore future study with a larger patient group is warranted. Also, relatively low follow-up rate at postoperative 6 months (48.6%) may also limit the value of the current prospective cohort. Future study should be performed to further raise the follow-up rate and re-evaluate the value of the current study.
Considerations on preoperative consultation
Most of the children in our cohort did not undergo pre-and postoperative polysomnography (PSG). Although we admit that this limits the interpretation of the current study, we may argue that PSG might not be necessary in some pediatric SDB patients with behavior and QoL problems, based on the fact that our subjects that were diagnosed only by caregivers' information and findings on physical examination showed immediate and sustained improvements in behavior and sleep-related QoL. In addition, previous researchers have pointed out that AT may be associated with reduced behavioral morbidity, even among subjects lacking PSG evidence of OSAS [18] and these improvements may not simply be attributable to changes in apneic events [16] . Future studies on the role of PSG in pediatric SDB patients with adenotonsillar hypertrophy, randomized controlled trials comparing PSG groups and non-PSG groups may be of additional help. Our results indicated that pediatric SDB patients show improvements in behavior and sleep-related QoL after AT regardless of sex, age group, allergic trait, or concurrent CAT. These results are partly in line with a previous report showing uniform improvements in a similar patient group regardless of sex, age, ethnicity, parental education, parental income, or the relative severity of OSAS [15] . Our results and previous reports may be of help to preoperative consultation because pediatric SDB patients with behavioral problems may be benefitted from AT regardless of their demographic factors. Considering that most of the caregivers do not understand symptoms, consequences and treatment options of pediatric SDB secondary to adenotonsillar hypertrophy [19] , our findings may play a part in counselling the caregivers before surgery.
While sleep-related QoL showed uniform improvement without any significant differences at postoperative 1 month, children with abnormal preoperative behavior displayed improved but still significantly higher K-ARS scores than children without preoperative abnormal behavior. In addition, although only 6 children could be evaluated, the mean K-ARS score of the overt ADHD group at 6 months, which was in the range of "ADHDtrait", was significantly higher than that at 1 month. In other words, sleep-related QoL is normalized regardless of preoperative impairment whereas behavioral problems may not be completely solved in children with substantial preoperative behavioral problems. In this regard, long-term follow-up with repeated behavioral evaluation may be mandatory in children with overt ADHD or ADHD-trait.
One important discrepancy between our study and a previous report should be discussed. While our results shows no difference with regard to combined allergic trait or concurrent CAT, Cheng et al. [20] showed that AT with concurrent turbinoplasty achieves favorable outcomes regarding QoL in pediatric OSAS with allergic rhinitis. This discrepancy may be attributed to the differences in inclusion criteria and method of inferior turbinoplasty. That is, Cheng et al. [20] collected subjects with documented intractable allergic rhinitis and congested inferior turbinate for at least 3 months, while our subjects' chief complaints were mainly snoring and related problems, not allergy or nasal obstruction. Therefore, Cheng et al. [20] may have collected severer cases than ours and this may have resulted in the discrepancy. Future studies with stricter inclusion criteria and large number of cases should be performed to clarify this discrepancy.
The current prospective cohort study demonstrated immediate improvements in behavior and sleep-related QoL after AT in children with SDB and these improvements were sustained up to 6 months without any significant change. Also, these improvements in behavior and sleep-related QoL were uniformly significant regardless of preoperative symptom severity. Moreover, improvements in behavior and QoL are expected regardless of sex, age group, allergic trait, or concurrent CAT. Although future studies are needed to prove causality, these findings may be of crucial help to our colleague physicians in counseling pediatric SDB patients.
